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, 

By Robert W. Miller 

A comparison is  presented  of  the hydrodynamic impact  loads and mt ions  
encountered in   t es t ing  a V-step and a transverse-s-tep  flat-bottom hydro- 
s k i  having beam loadings of  about 4.5. The t e s t s  were made i n  smooth 
water over a range  of  velocities,  flight-path  angles, and fixed  trims. 

The data were obtained as time histor ies  of draft, vertical  velocity, 
and vertical   acceleration and the comparisons are pesen ted  as plots of 
the nondimensional load, draft, vertical   velocity,  and time coefficients 
a t  maximum load, maximum draft, and rebound against flight-path angle at 
contact. The results show tha t  the V-step reduces maximum impact loads 
up t o  50 percent,  increases  the  depth of penetration, and changes some 
of the  vertical   velocity and time characterist ics of the hydro-ski. 

INTRODETION 

The possibi l i ty  of reduction  of hydrodynamic impact loads on hydro- 
skis  by the  use of  V-step configurations is  of current  interest  i n  the 
design  of  high-speed  water-based aircraft. It is therefore  desirable  to 
provide  an i l lus t ra t ion   o f   the  amount of this  load  reduction  obtainable 
over a range of flight-path  angle and trim which is of  primary interest 
to  the  designer. 

T e s t  resu l t s   for  a V-step and a transverse-step  flat-bottom hydro- 
sk i  have been published in  references 1 and 2, respectively. The tests 
of the V-step mdel were made at trims of 406 U0, and 20°, and i n i t i a l  
flight-path  angles  ranging from 2.70 t o  20.7 . The t e s t s  of the 
transverse-step model were made a t  trims of 3O, go, and l5O, and i n i t i a l  
flight-path  angles from 2.3O t o  ll.5O. The beam-loading coefficients  of 
these two skis were pract ical ly   the same (4.6 and 4.4); thus, a d i rec t  
comparison is  possible. The purpose  of the  present  paper-is  to  present 
t h i s  comparison  of the hydrodynamic impact loads and  motions, at the 
maximum load, maximum draft, and rebound encountered in   t es t ing   the  - 
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V-step and transverse-step hydro-skis and t o  shoy the  reduction of maxi- 
mum loads obtained by use o f t h e  V-step. 

SYMBOLS 

b beam of model, f t  

Fz -vertical hydrodynamic force, lb 

Q acceleration  due. t o  gravity, 32.2 ft /sec 2 

m mass of model, slugs 

n i w  

t time after water  contact,  sec 

v resultant  velocity,  ft/sec 

W weight, lb 

z model draft, f t  

impact-lod  factor, F mg or  ' i / g  4 

i vertical   velocity of model, f t /sec 

z vertical  acceleration of mode, ft/sec2 

Y flight-path angle, deg 
P mass density of  water, 1.938 slugs/cu f t  

7 - trim, deg 

.. 

Dimensionless variables: 

cA beam loading coefficient, m/pb3 

cd draft  coefficient, z/b 

cL 
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Subscripts : 

0 a t  time of water contact 

MPARA!I'LE AND TEST PROCEDURF: 

Apparatus .- The t e s t s  were conducted in   the  Langley  impact basin 
with  the t e s t  equipment described i n  reference 3. 

The V-step model used was essent ia l ly   a   r igid f la t  p la te  having  a 
rectangular forward portion and a  triangular aft portion with a   2 : l t ape r  
r a t i o  and a CA of 4.6. A sketch showing the shape  and  dimensions of 
t h i s   m d e l  i s  given in   f igure  1( a) . 

The transverse-step model was described in reference  2. It had a 
beam of 20 inches which, a t  the dropping weight used, resulted in a CA 
of 4.4. A sketch showing i ts  shape and dimensions is given in figure l ( b ) .  

Instrumentation. - The standard  carriage  instrumentation,  described 
in  reference 3, was used t o  measure time his tor ies  of the l i f t  force and 
of the  horizontal and ver t ica l  components of velocity and displacement. 
Accelerations i n  the ver t ical   d i rect ion were measured by an unbonded 
strain-gage-type  accelerometer which had a natural  frequency of lo5 cps 
and was oil damped t o  about 65 percent of t he   c r i t i ca l  damping. 

The apparatus and instrumentation used gave measurements tha t   a re  
believed t o  be accurate  within  the  following 1Mts  : 

Horizontal  velocity,  ft/sec . . . . . . . . . . . . . . . . . . .  kO.5 
Vert icd   ve loc i ty  at contact, f t /sec . . . . . . . . . . . . . .  k0.2 
Vertical  displacement, f t  . . . . . . . . . . . . . . . . . . . . .  *0.03 
Acceleration,  g . . . . . . . . . . . . . . . . . . . . . . . . .  iO.2 
Time, sec . . . . . . . . . . . . . . . . . . . . . . . . . . .  iO.005 
Weight, l b  . . . . . . . . . . . . . . . . . . . . . . . . . . .  e . 0  

Test procedure.- The V-step model was tes ted at trims  of bo, I 2 O ,  
and 200. The initial horizontal  velocity f o r  these  tes ts  was varied 
from a p p r o x b t e l y  25 f t /sec t o  85 ft /sec,  and the  ver t ical   veloci ty  at 
water  contact was varied from approximately 4 f t / s ec   t o  10 f t /sec.  The 
t o t a l  dropping  weight  of the model and drop  linkage was 1330 pounds. 

The transverse-step-mdel tests were conducted at trims of 3', go, 
and 15' with  horizontal  velocities between 41 and 51 f t / s ec  and ve r t i ca l  
velocit ies between 2 and 9 f t /sec.  The dropping w e i g h t  of the  transverse- 
step model was 1261 pounds. 

. I C  
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Throughout each impact--a simulated aerodynamic l i f t  force  equal  to 
the t o t a l  dropping w e i g h t  was exerted on the model by means of  the lift 
engine. The lift engine and general  testing  procedure used are  described 
in  reference 3.  

RESULTS AND DISCUSSION 

The experimntal-data were obtained from the t e s t s  as time histcries 
of draft, .vertical  velocity, and vertical   acceleration. The values of 
i n i t i a l  conditions and-the recorded  data a t  maximum acceleration, maxi- 
mum draf t ,  and rebound are given i n  tables I and 11. The V-step-model 
data ( table  I) were presented in  reference land are repeated here for  
the convenience  of the  reader. The transverse-step-model data (table 11) 
were p&ly presented in   reference.2.  The.remginder were obtained 
d i rec t ly  from the records and have not been previously  publfshed. 

The results o t t h e   t e s t s  are presented as plots  of  the  nondhensional 
coefficients C h ,  Cd, ;/io, and C t  with  flight-path  angle at water 

contact. The plots  are arranged. t o  show the .comparison i n  both magnitude 
and trends between the V-step-model and the  transverse-step-model  results 
e i ther  as a direct   or  side-by-side comparison. 

Figure 2 presents  the  variation of imp-act-lift  coefficient at the 
instant  of maximum acceleration  with  flight-path  angle at the  instant af 
water contact  for  both models. For both models, the value  of impact l i f t  
coefficient  increases  with  flight-path angle. It decreases  slightly  with 
increasing trim except-that, below a flight-path  angle of about 7O, the 
trend with trim is reversed  for  the  transverse-step model. Figure 2 
shows that,  in  general, €he V-step hydro-ski has smaller maximum hydro- 
dynamic load than the transverse-step model. The greatest  reduction of 
the maxFmum load, up to 50 percent, is t o  be found at the high-trim, 
low-flight--=ath-angle  conditions w i t h  some tendency for  the curves t o  
merge at the high-flight-path angles where the rectangular portion of 
the V-step hydro-ski would. become immersed. However, a considerable 
reduction of maximum l o a d  does occw over & s t o f   t h e  rmge of  conditions 
tes ted.  

Figure 3 presents  the  draft.  coe.fficient. at- the  instant of" maximum 
immersion and also at the instant of maximum acceleration  plotted against 
flight-path  angle at water contact  for both models. *om comparison of  
the  plots  . for  the twg %deb it...can be seen. that ,  i n  general,  the V-step 
model has a much greater  depth  of.penetration  both at the time 0-i- 
mum acceleration and at maximum immersion than does the transverse-step 
model. The draft coefficient  increases  with  increasing  flight-path 
angle for both models- a t  both  the times. j l lus t ra ted .  It increases also 
with trim for  the V-step model at both  times and for  the  transverse-step 

0 
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model at the  instant of maximum acceleration. However, f o r  the transverse- 
step model a t   the   instant  of maxinun immersion, the  trend  with trim is 
reversed, t ha t  is, the  greater  -rsions occur at  the  smaller trims. 
A t  the low-trim, high-flight-path-angle  conditions, bow immersion was 
encountered by both models. However, this immersion does not  appear t o  
have had any appreciable  effect on the  results.  . 

I n  figure 4 the ratios of the   ver t ica l   ve loc i t ies   a t   the   ins tan t  of 
maximum acceleration and at   the   instant  of model rebound to   t he   ve r t i ca l  
velocity at water  contact are plotted  against flight-path angle at water 
contact f o r  both models. In general, there are no large  differences 
between the two models i n  regard to  ver t ical   veloci ty   ra t ios .  

Figure 4 shows that, for a given  contact  velocity,  the  vertical 
veloci ty   a t  m a x i m u m  acceleration  increases with increases in contact 
flight-path  angle and decreases w i t h  increasing trim. A t  the lower 
flight-path Wles,  where the  effect  of the V-portion  of the mdel is  
greatest,  the V-step model has somewhat lower ver t ical   veloci ty   ra t ios  
than the  transverse-step model. On the other hand, a t  the higher  flight- 
path angles, where the  effect  of the  rectangular  portion becomes  more 
pronounced, the   ra t ios  fo r  the two  models are of  about the same magnitude. 
Thus, the V-portion of the model appears t o  reduce  the  vertical  velocity 
a t  maximm acceleration  but,  as  the  effect of the  rectangular  portion of 
the  mdel  becomes mre pronounced, the ra t ios  approach those of the 
transverse-step model. 

A t  rebound, fo r  a given  contact  velocity, the absolute  value of 
the  vertical  velocity  decreases with increasing  contact  flight-path  angle 
and increases with trim for  both models;. It appears that the  effect  of 
the V-step is  t o  reduce the slope of the  curves a t - t h e  lower flight-path 
angles and to  increase  the slope of the  curves at the  higher  angles  but 
the  effect  i s  not pronounced. 

Figure 5 shows the  effect  of tr im and flight-path  angle at water 
contact upon the time t o  reach maximw acceleration,  to  reach maximum 
draft, and fo r   mde l  rebound for  both models. Figure 5 shows that   there  
is more difference between the two models in reg&& t o  the time coeffi- 
cient t h a  has been the case f o r  the  quantities  previously  discussed. 

The time coeff ic ient   a t  maximum acceleration  decreases with increasing 
flight-path  angle  but  increases with trim for  both models. The values 
of the  coefficient f o r  the transverse-step model (about 0.3 t o  2.0), how- 
ever, are much smaller than  for  the V-step mdel (about 1.4 t o  9 -0) and 
show that   the  V-step retards maximum acceleration  until  considerably 
l a t e r  i n  the impact. 

8 

A t  the time of maximum immersion the  trends of the  time  coefficient 
with flight-path angle and trim are"exact1y  opposite  for  the two models. 
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For the V-step model, the time coefficient  decreases with increasing 
flight-path  angle and increases with trim whereas for t h e  transverse- 
step model it increases with flight-path angle and decreases with - 
increasing trim. The values, however, l i e  i n  the same general range so .. . - 

tMt the maxFmum fmmersion for  the two models occurs at about the same 
part  of the impact .. For.  both models the .time coefficients  for maxirmun 
acceleration and for  maximum immersion appear t o  be converging  with 
decreasing  flight-path angle; thus, for  very small flight-path angles, 
m a x i m u m  acceleration would occur at approximately  the  time of maximum 
immersion.. T h i s  tendency is  appeent  for  both models  but i s  much  more 
pronounced for  the V-step model. 

. .. 

. .- 

" 

. .. 

The time coefficient at rebound, for  the V-step model, appears ini-  
t i a l l y  to decrease and then to  increase with increasing  flight-path  angle 
and at the lower flight-path angles it increases w i t h  trim whereas at the 
higher  flight-path  angles it decreases with increasing trim. On the other -. 

hand, for  the  transverse-step model, no reversal  of  trends is present; - 

the  coefficient  incre-ases with flight-path angle and decreases with 
increasing trim. 

. -  - 

.. . . 
. .  

. -  

C O N C L E I O N S  

A comparison was made of  experimental data for hydrodynamic impacts 
of a V-step and a transverse-step hydro-ski having beam loading  coeffi- 
cients  of 4.6 and 4.4, respectively. The data were  compared, in non- 
dimensional  coefficient form, e i the r   d i r ec t ly   o r   i n  side-by-side plots.  
The comparison has resu l ted   in  the following conclusions: 

I 

1. The V-step reduces the maximum impact-loads up t o  50 percent, " 

at least ,  at- the lower flight-path  angles. 

2. The V-step model has a greater depth of penetration  than does 
the  transverse-step model. " 

3 .  The V-step.tends  to-reduce the vertical   velocity at the time of 
maximum acceleratian. 

4-c The V-step r e m d e   t h e  time  of max;imum acceleration so tha t  it ' 

approaches the time of maximum penetration. 

Langley Aeronautical  Laboratory, 
-. 

National Advisory Committee for  Aeronautics, 
" Langley Field, Va., November 6, 1953. . 
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(a) Flat bottom, V-step model. W = 1330 lb. 

(b) Flat bottom, transverse-step mdel.  W = 12611b. 

Figure 1.- Models tested in L a n g l q  impact basin. 
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Figure 2.- Variation of *act lift  coefficient at  instant of maxFmum 
acceleration  with  flight-path angle at  water  contact. 
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Figure 3.- Variation of draft  coefficient with KUght-path angle at water 
contact. 

. .  . . 
I 

< 
, . I  . .  . 



F 1 b . 

1.2 

.8 

-.0 

0 

-1.2 .. 4 6 10 30 2 4 6 10 20 

Flight-path angle a t  H a t e r  contact, Yo, *g 

(a)  V-step  model. (b) Transverse-step model. 

Figure 4.- Variation of vertical-velocity  ratio  at aaxlmum acceleration 
with flight-path angle at  water contact.. 
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Figure 5.- Variatfon of time coefficient  with  flight-path angle at water 
contact. .- - : 
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